Background. Primary central nervous system lymphomas may present as diffuse, nonenhancing infiltrative lesions. This rare variant is termed lymphomatosis cerebri (LC). We did a systematic review and analysis of the literature, adding our own cases, to better characterize LC in order to improve early diagnosis and treatment.
clinical and neuroimaging features, LC frequently becomes a diagnostic challenge with a wide differential diagnosis to be considered. Typically, gliomatosis cerebri presents with similar neuroimaging findings in the brain MRI. Likewise, central nervous system infections and inflammatory, toxic, and metabolic disorders can also mimic the radiologic features of LC. 10, 11 Therefore, this diagnostic dilemma can lead to delay in the diagnosis of LC and its appropriate treatment. This study aimed to describe the clinical, radiological, pathological, and outcome characteristics as well as the prognostic factors of LC by adding 7 newly described patients (diagnosed in our centers) and conducting a systematic review of reported cases with the aim of improving knowledge of this entity.
Material and Methods

Search Strategy and Selection Criteria
References for this review were identified by searches of PubMed and ISI Web of Knowledge databases from January 1986 to December 2014 using the terms "lymphomatosis," "lymphoma," "primary," "cerebri," "cerebral," "brain," diffuse," "central nervous system," and "nervous system" joined in logical combinations. Articles were also identified through searches of the authors' own files. No language restrictions were applied.
According to information from abstracts, selection was based on the following criteria: (i) presence of diffuse white-matter disease in the brain MRI without contrast enhancement (although patchy contrast enhancement was also allowed) and (ii) histology revealing lymphoma. Exclusion criteria were: (i) presence of nodular enhancement at first MRI, (ii) concurrent systemic lymphoma, (iii) inconclusive histological data, or (iv) intravascular lymphoma. Four authors independently extracted data, and disagreements were resolved by consensus with other group members. When disagreement occurred, the opinion of a fifth investigator was requested. Initially, 836 articles were identified, but only 38 patients from 35 reports fulfilled all inclusion criteria. Three of these patients were excluded: 2 because the article was not available and one because of insufficient information. Eventually, 35 cases from the literature were included and herein described. Moreover, after reviewing the primary central nervous system tumor database at our hospitals, 7 additional patients were identified who fulfilled the previous diagnostic criteria for LC and added to the series. The detailed process is shown in Fig. S1 in the Supplementary material.
Data Collection
Demographic, clinical, cerebrospinal fluid (CSF), brain and spinal MRI, pathological, and treatment data were extracted. Karnofsky Performance Status (KPS) at consultation was categorized according to the patient's ability to perform daily activities (with KPS ≥ 70 being considered as independent and KPS , 70 as dependent), and it was extrapolated from clinical information with the consensus of the 4 main reviewers when not directly reported. Symptoms at diagnosis were classified in 8 categories: behavior disturbance; cognitive, sensory, or motor impairment; gait disturbance; language disorders; seizures; and headache. Patients were allowed to be allocated to more than one category. Gadolinium enhancement in the MRI was defined as patchy when a minimally or moderately intense heterogeneous, not well-defined area of contrast enhancement was present, regardless of size. 12 CSF parameters were categorized as follows: pleocytosis (.5 cells) yes/no, abnormal protein (.0.45 g/L), or glucose (,0.51 g/L) concentration. The diagnosis of lymphoma was based on 2007 WHO diagnostic criteria 6 for PCNSL, and the cases in the literature were diagnosed according to the recognized anatomopathological criteria at the time of diagnosis. When T-cell lymphoma was suspected in our cases, a demonstration of monoclonal lymphoid proliferation was performed using T-cell receptor gene rearrangement analysis. Whenever possible, immunohistochemical classification according to the Hans algorithm as germinal center B cell-like (GCB) (CD10+ or CD10-, BCL6+, MUM1-) and the non-GCB (CD10-, BCL6-or CD10-, BCL6+, MUM1+) subtype was established. 13 Four categories of therapy were considered: no treatment, corticosteroids only, chemotherapy-based methotrexate (including those patients also treated with radiotherapy), and other chemotherapy regimens different from methotrexate. In addition, the time from the first symptom to LC pathological diagnosis and overall survival (OS), considered from the pathological diagnosis to the date of the last follow-up or death, were recorded. In patients diagnosed by necropsy, the time between first consultation and death was also recorded. Detailed clinical presentation, neuroimaging, pathology data, treatment options, and survival information of each case are summarized in Supplementary material, Table S1 . 9 -11,14,23 -50 
Statistical Analysis
Descriptive data analysis presented categorical variables as observed counts and weighted percentages and continuous variables as mean or median with the corresponding standard error or range, depending on the nature of the variable. Chi-square, Mann-Whitney U, and Student t tests were used to identify differences among groups. A 2-sided P value ,.05 was considered significant. Univariate survival analysis was made by constructing probability curves according to the Kaplan-Meier method and comparing them using the log-rank test. Evaluated variables included: patient (age, sex), clinical characteristics (KPS, onset symptoms, and time from onset symptoms to consultation), radiological features (localization, contrast enhancement pattern), histology (lymphoma B or T), CSF parameters (glucose, protein, and cell count), and treatment. Variables that achieved a P value ,.1 in the univariate analysis were subsequently introduced in a backward stepwise proportional-hazard analysis (Cox model) to identify independent survival predictors. The cutoff level chosen for continuous variables was their median value. All calculations were performed using SPSS software package version 18.0 (SPSS Inc.), and P values , .05 were considered significant.
Results
Demographic Characteristics
Forty-two patients: 7 from our centers and 35 from the literature were identified and analyzed. Median age was 58 years Izquierdo et al.: Lymphomatosis cerebri (range: 28 -80 y) with neither sex being predominant (femaleto-male ratio: 1:1.2) ( Table 2 , Supplementary material). Only 3 patients were immunosuppressed (2 with HIV infections and 1 due to kidney transplant (patients 9, 11, and 38, Supplementary material). Immunosuppressed patients were significantly younger (median age: 41 y; range: 28 -45 y) compared with immunocompetent patients (median age: 58 y; range: 31 -80 y, P ¼ .012). Nineteen (45.2%), 14 (33.3%), and 9 (21.4%) patients corresponded to reports from European, Asiatic, and North-American countries, respectively.
Clinical Features
Twenty-two patients (52.4%) had a KPS , 70 at diagnosis. The most common presenting symptoms were cognitive decline and gait disturbances in 25 (59.5%) and 23 (54.8%) patients, respectively, followed by behavioral changes in 21 (50%) patients. Focal neurological motor deficits were present in about one-third of patients. The frequency of seizures was low, and they were reported in 2 (4.8%) cases at diagnosis and 4 (9.5%) cases during the disease course ( Table 2 , Supplementary material). Two patients (5%) also presented with uveitis (patients 18 and 20, Supplementary material). Median time from the onset of symptoms to first consultation was 60 days (range: 1 -180 d), although one patient presented with a stroke-like onset (patient 36, Supplementary material) and proceeded to consultation on day one.
Neuroimaging
A summary of MRI features is presented in Supplementary material, Table S2 . The baseline brain MRI showed patchy enhancement in nearly one-third of cases (28.6%), and 23 (54.8%) had concurrent infratentorial and supratentorial infiltration ( Fig. 1 ). The remaining patients (45.2%) presented with isolated supratentorial infiltration. It is noteworthy that all but 2 patients (95.2%) had bilateral hemispheric disease in the first MRI. Basal ganglia were involved in 21 cases (50%). Spinal cord MRI showed infiltration in 4 of the 6 patients. A follow-up brain MRI was performed in 28 patients, revealing changes in the contrast enhancement pattern in some patients. Eight of the 30 (26.6%) patients without contrast enhancement in the first MRI and 2 of the 12 patients (16.6%) who presented patchy gadolinium enhancement lesions developed nodular contrast enhancement. In 11 of the 28 patients for whom information was available, new contrast enhancement or changes in the pattern of contrast appeared before onset of treatment. MRI spectroscopy was performed in 5 patients, showing a peak of choline (n ¼ 4), lactate (n ¼ 2), and lipids (n ¼ 1). Diffusion-weighted imaging (DWI) brain MRI showed a diffusion restriction pattern in 6 out of 9 (66.7%) patients. Brain positron emission tomographyfluorodeoxyglucose imaging (PET-FDG) was performed in 4 patients, showing increased metabolism in the deep white matter and thalamus in only one case (patient 16), and it was correlated with the hemispheric white and grey deep 
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matter changes revealed by MRI. In univariate analysis, when comparing patients presenting patchy contrast enhancement in the first brain MRI with those patients without enhancement, a greater CSF protein concentration (≥0.65 g/L) was the only significant factor associated with the presence of contrast enhancement (P ¼ .017). No other significant differences were found in terms of demographic, clinical, histopathological, or OS between both groups.
Cerebrospinal Fluid Studies
CSF information was available from 36 patients, although not all parameters were registered in every case. CSF pleocytosis was present in 17 (n ¼ 33, 51.5%) patients with a median cell count of 18 (range: 6-140). Protein levels were elevated in 26 (n ¼ 34, 76.5%) cases (median: 0.65 g/L, range: 0.3-9.31), and low glucose was detected in 2 (n ¼ 24, 8.3%) cases ( Table 2 , Supplementary material). CSF was normal in 7 cases (n ¼ 36, 16.7%). CSF oligoclonal bands were detected in one case (n ¼ 7, 14.3%). Cytology was negative for malignant cells in 72% (n ¼ 32) of the cases. Cell flow cytometry was performed in 3 patients and diagnosed a lymphoma in 2 of them.
Pathology
Diagnosis was established by brain biopsy in 28 cases and at autopsy in 14. In 5 of 32 patients, the first biopsy was inconclusive; in one case, diagnosis was not established even after 2 biopsies. In this patient, only autopsy revealed the final diagnosis. The patient's median time from first symptoms to biopsy (n ¼ 28) and to definitive diagnosis (n ¼ 25) was 4.2 and 4.5 months (range: 1-30 m), respectively.
Most patients (n ¼ 35/41; 85.4%) had diffuse large B-cell lymphoma, 5 (12.1%) patients had T-cell lymphoma, and one patient was diagnosed with a small B-cell lymphocytic lymphoma with lymphoplasmatic differentiation. In one case, the lymphoma subtype details were missing ( Table 2 , Supplementary material). Only one T-cell lymphoma was treated with corticosteroids before biopsy. According the Hans immunohistochemical algorithm, 13 it was possible to determine the origin of lymphoma cells in 8 cases. Seven patients (87.5%) showed non-GBC, and one (12.5%) showed GBC cell immunophenotype.
Focusing on the patients in our centers (and for whom autopsy results were available), we observed blastic lymphocytic cells with large pleomorphic nuclei and distinct nucleoli diffusely infiltrating the cortical and subcortical structures, white matter, basal ganglia, and thalamus as well as the brain stem and cerebellum. Moreover, one patient with diffuse B-cell LC also presented hippocampus, amygdala, Meynert nuclei, hypothalamus, and leptomeningeal infiltration. These lymphocytes showed the typical angiocentric infiltration pattern, and tumor cells invaded the neural parenchyma with a diffuse growth pattern from these perivascular cuffs (Fig. 2) . No large geographic necrotic areas were identified, while the brain 
Izquierdo et al.: Lymphomatosis cerebri distribution and the pattern infiltration of cells were indistinguishable between patients with B-or T-cell lymphoma. The comparison between T-and B-cell lymphoma cases only demonstrated that patients having T-cell lymphoma presented a
better clinical performance status (KPS ≥ 70) (P ¼ .010) and more frequently isolated supratentorial disease (P ¼ .010) at diagnosis.
Therapy
The great majority of patients (n ¼ 39, 89.7%) received some form of therapy. Treatment was corticosteroids alone in 14 cases (35.9%), high-dose methotrexate, alone or in combination with other drugs or radiotherapy (RT) in 11 (28.2%) cases, and RT (total dose range: 30 -50 Gy) or other chemotherapies without methotrexate in 10 (25.6%) cases. The chemotherapy schedule was not reported in 2 cases. Because treatment decisions were made arbitrarily, 2 groups of patients (patients receiving any type of treatment [chemotherapy and/ or RT] vs others) were compared regarding baseline characteristics to identify any potential bias. Indeed, only differences regarding age at presentation were observed. Those patients receiving treatment (chemotherapy and/or radiotherapy) were significantly younger (median age: 55 y; range: 31-75 y) versus 62 years (range: 41-80), P ¼ .021).
Survival
Median OS was 2.95 months (range: 0.33 -56 m). The majority (64.3%) of patients were already dead at the time of reporting. According to treatment modality, median OS was 1.97 months (range: 1.08 -4.91 m) and 1.63 months (range: 0.33 -3.93 m) in the untreated patients and those receiving only corticosteroids, respectively. In patients receiving methotrexate-based treatments the OS was 13.8 months (range: 0.7 -56 m), and the OS of patients treated with other cytoreductive treatments different from methotrexate (RT and/or chemotherapy) was 4.42 months (range: 1.0 -18.4 m). Univariate analysis revealed that age ,56 years (P ¼ .026), KPS ≥ 70 at consultation (P ¼ .048), and treatment with methotrexate (P ¼ .001) were associated with a better OS. Other explored clinical, radiological, and CSF variables did not show any impact on survival; only the lymphoma subtype presented differentiated survival behavior, although it was not significant (Fig. 3) . The multivariate analysis demonstrated that KPS ≥ 70 (HR: 0.32; 95% CI: 0.114 -0.894; P ¼ .03) and treatment with methotrexate (HR: 0.19; 95% CI: 0.041 -0.886; P ¼ .034) were independent favorable survival prognostic factors, while T-cell lymphoma was an independent prognostic factor of worse outcome (HR: 6.62; 95% CI: 1.317 -33.316; P ¼ .022). Other explored variables included in this analysis were age*treatment (HR: 1.029; 95% CI: 0.942 -1.125; P ¼ .527) to avoid the bias identified previously, and age (HR: 0.982; 95% CI: 0.877 -1.099; P ¼ .75), but were not identified as independent prognostic factors.
Discussion
This study reports the largest series of LC obtained by systematic review of the main databases and presents 7 additional patients of our own. Our study shows that bilateral hemispheric involvement in the MRI and CSF pleocytosis should alert for this diagnosis and that treatment with methotrexate-based chemotherapy significantly prolongs survival.
The demographic characteristics of patients with LC are quite similar to PCNSL patients, presenting a peak age distribution between 50 and 70 years and similar distribution ratios between sexes (male-to-female ratios 1.5:1 and 1.2:1) in PCNSL and LC, respectively. 6 LC is a rare variant of PCNSL. See Table 1 to compare the main differences between PCNSL and LC. The term is relatively new (introduced in 1999 14 ), so it was not unexpected to find that LC represents a challenging diagnosis and that correct diagnosis in life is obtained in only about one-third of the patients. Similarly, the confirmatory pathological diagnosis is associated with considerable delay (138 days) compared with other primary malignant brain tumors. 15 Although this issue has also been identified in classical PCNSL patients, it is usually much less pronounced, with reports of 70 and 75 days in non-HIV and HIV patients, respectively. 16 Several reasons may contribute to this diagnostic delay. First, clinical presentation is overlapped by cognitive impairment and/or personality changes that may be easily misinterpreted as dementia or depression-entities in which the requirement for urgent neuroimaging is not usually considered in routine practice. 11 Second, the MRI findings in a typically nonspecific clinical syndrome can be easily misdiagnosed as being related to conditions such as infectious processes, toxic-metabolic disorders, small vessel vasculopathy, or inflammatory or neurodegenerative etiologies, which sometimes require further testing or even an observation period to confirm diagnosis and thus complicate an LC diagnosis. 11 Another reason to explain the diagnostic delay (uncontrolled in this study by the lack of information in reported cases) is the use of corticosteroids before the biopsy. The role of this confounding variable constitutes an inherent bias. Notwithstanding, a large retrospective study on PCNSL did not reveal significant differences in diagnostic ratios between patients pretreated or not with corticosteroids. 17 However, according to the present study, brain MRI features combined with CSF examination usually provide important clues that are useful for facilitating differential diagnosis in LC ( Fig. 4 ). Diffuse involvement of both hemispheres is the rule in LC, and this finding is uncommon in other entities considered in the differential diagnosis. Extension of the MRI to the spinal cord and use of MR spectroscopy or DWI sequences may increase the suspicion for LC, whereas CSF flow cytometry (ie, a technique increasing the sensitivity and specificity of leptomeningeal disease detection in PCNSL 18 ) seems potentially useful in LC diagnosis. These suggestions about complementary diagnostic tools have to be considered with caution, however, due to the limited number of patients available.
The outcome of LC patients is poor. In terms of survival, nearly half of the patients (47.2%) in this study were dead within 3 months after the onset of symptoms. However, we have shown that most patients either presented with a low KPS or were misdiagnosed, which may have a negative influence on the time of final treatment decision. Although not significant (P ¼ .14), patients with a KPS ≥ 70 were diagnosed earlier (median of 138 days) than patients with lower KPS , 70 (median of 240 days). In addition, OS of patients with LC treated with chemotherapy schedules (including methotrexate and RT) were 19, 20 These differences could be related to low KPS, delay in diagnosis, or sample size of the present series.
Our study identifies KPS ≥ 70 as an independent survival prognostic factor and demonstrates that treatment with methotrexate has a favorable influence on OS prognosis despite differences in the impact of treatment compared with the PCNSL. Our observation concurs with that found in series of PCNSL and emphasizes the need to start conventional treatment for PCNSL early, when the chances of a good KPS are probably higher. Lastly, the prognostic effect of the histological subtype is controversial. Some reports suggest that a T-cell phenotype possibly confers a worse prognosis than B-cell PCNSL. 21 In contrast, other series have suggested a possible better outcome or found no differences. 22 However, these results should be treated with caution because of the retrospective data and the small number of T-cell LC cases reported. Nonetheless, in our study, the multivariate analysis showed that T-cell LC is an independent prognostic factor related to a worse outcome.
On clinical grounds, our study provides a general picture of clinical, radiological, and cytological features to be considered for LC diagnosis. Physicians should be aware that MRI findings of diffuse bilateral hemispheric involvement and CSF pleocytosis, when seen in patients without evidence of systemic and infectious diseases, are useful clues for diagnosing this rare syndrome and that prompt biopsy should be performed to avoid diagnostic delay. Furthermore, despite the poor outcome, intensive treatment should be considered, especially in those LC patients' with a better KPS.
